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USERS OF MIDDLE ATMOSPHERE MODELS
REMARKS

Joe Gamble, NASA/Johnson Space Center

The procedure followed for shuttle operations is to
calculate descent trajectories for each potential shuttle
landing site using the Global Reference Atmosphere Model (GRAM)
to interactively compute density along the flight path 100 times
to bound the statistics. The purpose is to analyze the flight
dynamics, along with calculations of heat loads during re-entry.
The analysis program makes use of the modified version of the
Jacchia-70 atmosphere, which includes He bulges over the poles
and seasonal latitude variations at lower altitudes. For the
troposphere, the 4-D model is used up to 20 km, Groves from 30
km up to 90 km. It is extrapolated over the globe and faired
into the Jacchia atmosphere between 90 and 115 km. Since data
on the Southern Hemisphere was lacking, what was done was that
the data was flipped over and lagged 6 months. Remarkably, this
procedure seems to work quite well.

Sometimes when winds are calculated from pressure data in
the model there appear to be discontinuities. Modelers
indicated that the GRAM was not designed to produce winds, but
good wind data is needed for the landing phase of shuttle
operations. It was remarked that use of atmospheric models
during re-entry is one application where it is obvious that a
single integrated atmosphere model is required.

PRECEDING PAGE BLANK NOT FILMED

157



NOISS3S S¥3sn

S8/0¢/11 3guv9 -r

sexe| ‘uolsSno} - J8JuaD ededg uosuyor

PRECEDING PAGE BLANK NOT FILMED

159



SYIYY TYIILI¥D 40 NOILINI43Q “SNOTLvEYNLY¥3Id JITY3NdSOWLY 01 ALIATLISNIS 0O

704140
AY0123rYYL 0L SWIT90¥d TYILIN3IL0d INISOd J¥V LVHL SITISTYILIVYVHD 1300H @

(WV¥9 NO SI SISYHdWI JSr) @3ZI71Ln 9NI34 3¥Y STICOW MOH 0

NOISS3IS 40 SISYHdW3

S8/0¢/11 37AWY9 -r

$BX@) ‘UOISNOH - J8jue) soedg Losuyor

160




T0YINOD ANV SIINVHI3IW LHIITJ/AVIANTS NHOM - SLINS3Y 3TLINHS 3IVdS

NOISSNISIM N3dO

SINIWWOI d3Y¥vd3I¥d ¥IHLO

ISF/3TEAWY9 30 - SNOTLVIITdWE ALOY “VIVQ 3TLLNHS HLIIM NOTLVI3¥Y¥0D

ISF/TIH ¥Y3IATT0 - SNOTLVIIddY ALOY

JAW/ALYVYIIW 3FAILS “ISF/NILSO0r LN3IX - SNOILVIITddY ITLINHS 3IVdS

SITLTATLIV WVY¥9 JST 40 M3ITAY3A0

YANIOV

S8/02/11 J1EWY9 T

sexo) 'uoiSNoH - J8juUe 8oedg uosuyor

161



ALOY 0L NOTIVII1ddY
*S1INS3IY ITLLNHS HLTM NOTLIVIIY¥0D - 3ILV¥0LII¥IC 9NIYIINIONT O

SISATYNY ALOY - JLVY01DI¥IA LH0ddNS NOISSIW @

SNOTLYTINWIS AYLNT 3TLLIAHS - FLVY0LI3NWIC SNO11V¥3d0 NOISSIW 8

SNOTLYZINYOYO DSF TVY3IAIS A€ 3ZI71LR ONI3E SI Hvyo 6

SITLTATLOV WYY9 ISF 40 M3TAY3A0

68/0¢/11 NgWY9 -r

sexe] 'UOISNOH - Jejue) ededs uosuyor

162




SNYIINOD ALOY/VLIVA AYINI ITLLNHS HLIM NOTLYIIHYO)D

58/02/11 374WY9 -1

sex8 | ‘UoISNOH - J8jus) esedg uosuyor

163




“NOTLVINWIS
JHL NI 3SN Y31V ¥0d4 3INIT 440 3713084 IUIHASOWLY v INTLIVHINID
1SYI4 NYHL ¥3HLIVY AWIL Tv3IY HOLLYINWIS 3HL OINI @311 ST Wvy9 @

WYY¥904d ALOY 404 SNOLLYINWIS ¥0d4 (3ZIN1Ln 9NI39 SI Wvy9 @

VivVQ AY¥INT 3HL 40
SISATYNY 9NIQIAOYd SI T0YLNOD ONV SIINVHIIW LH9IT4 40 AVIANI NHOT @

“371404d AYINI 3FHL Y04 SIT1Y3J0¥d ITYIHISOWLY 3FHL 40O
JIYWILSI 1S3 YIIHL ONIAIAOYd UNY NOVYL AMIN3 3ITLLAHS 3IHL 9NOTV
WYY¥90Y¥d 13IND0Y ONIANNOS ¥ INTLYNIQY00D ST IDIAYIS YIHIVIM TYNOILVN 8

“SLHOTT4 AYINT FTLLANS 301 WO¥d Q3IALY3C ALISN3A JTYIHISOWLY 3HI
JLYO11SIANT 0L dOLY ¥Y¥3IA 3IIYHL ¥ SVH 3D1440 SWVY90¥d TIINVAQY isr e

58/02/11 ERLUL R

sexe] 'UOISNOH - Jejue) eoedg uosuyor

164




43133443

ATINVITHINOIS 38 n0J ALOY 3HL 40 N9IS3Q 3HL "S3ANLILYT

¥3IM0T IHL LV 3791SS0d IYIM SIANLILYT NYIHLON 3¥OW LV (3AY3SHO
SINIIAVY9 ALISNIQ 41 - ALOY 3HL OL TvIIL1¥d 3¥V S133d443 3anLilvl 8

JANLTLIV WY $-T YIA0 ONT¥NII0 %0£-0C 40 SINITAVHI
WNWIXYW ONTY3AISNOD ¥V S1H¥0443 NOIS3A AYYNIWIN3Yd INI¥¥NI 8

ALOY 3HL Y04 NY3IINOD YOrvyW v ¥y SIN3Iavyy ALISN3Q 40 JANLINOYW 8
YWIIS-G ¢ YWIIS-G 2 VUIIS-¢ AVIVIY
ISYD YWOIS-¢ 3HL ST -3-1 -7300W NOTLVEYNIY3Id WOANVY WYY
IHL 40 SIILSILVLIS 3FHL NI 3IN3IATINOD 3IHL LnOdY SI NY3IINOD AY¥VWIYd o

SIH9114 AYINI FTLINHS 3HL ONTHNd
@3AY3SA0 SIT140¥d ALISNIQ 9NIINA0Y43Y 40 378YdYD ¥¥3IddV SLINSIY WY¥9 @

AYYWUHAS

98/0Z/11 ERLULTL

$8Xx0] 'UOISNOY - 181UBY 8dedg uosuyor

165



"SNOY WYYD 40 SITHIS v ONT¥NG Q3A3IIIXI 39 SAVMIV
TIIM SIN3IQYY¥9 ALISNIQ 03AYISE0 ITLLAHS 40 3AnLlTdWy HL 0

SN WYY¥9 40 S3ITY3S
V WOYS ONILTINS3Y 3d0TIANT 3HL A€ @3CIIIXI 39 SAVMIV T1IM

(QLS 9/°29) SINTYA NV3W 1300W WOYJ SNOTLVIAIQ ITLINHS L 0

(NOTLVNIVAI 3JATLVLITVND)
"AYIN3 3TLINHS 3HL 9NTYNA Q3IAY3ISAO
3SOHL 01 ¥YTIHIS SITISTYILIVYYHI ALISNIA 4T131A TN
NAY 3NO LSY3T LV “39NVY 3ANLTLIV WY 06-05 3IHL NI
SNNY NOILVEYNLIYId WOONVY WYY¥9 05-0Z 40 SIIY3IS V NI O

SLINS3IY AYLNI 3TLLINHS HLIIM WYY9 40 NOILYIIYHOD 8

$8/02/11 INgWV9 -r

sex8] 'UOISNOH - J8jus) esedg uosuycp

166




< 0, kft
A
. 320 1 ] ,
5 310 —— 0 =4
& — \A
3co '
290 s g M ;
! !
. ﬁ | :

85.0 -{280 — - ' - —

] : . P
1270 } ﬁf‘\/ l.O LaRGl BET|(AF'N8 Mddel above |
] ] | t ! | 140 kft)! | : i ' :

80.0 b /DN o lvoay | ! ' ‘ !

260; TR 7 ' l ' —
1. g ! i l | P 1@ |GRAM ! : ; é | !
1250¢ : — 7 - : : , - . -

s €L / g / !)i | | L ‘ |
1 ; i i i ] i i ] ! ! i ! ! ‘ :
J240— : T : . T : : | ! | | | |

I ' ] | ' | ! H
1.1 ; ' i P ! b i | ? ! i
700“230r - ‘ ' - T
i i ! .
1.0 | e
1220 TSR :

es.04 | | ; ! | 5
4210 : ; ,
i i :

200 . ! : ‘

Pz BN |
] |
i CNP :lerij;d QE \{\\ i {

. | '

55.0 4130 (ol FADS) \ |
: {\‘—r\ % N

B |

150 H _

50 55 60 .65 .70 .75 .80 .85 .90 95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.4
p /by

Figure a-9.STS-9 (December) density comparisons

167



ALT., KM.

STS-9 GRAM Simulation
December -57° Latitude

90.0 o
«:(/'—'_—_f

85.0 —

‘ T

4 __,/J‘-
80.0 —_—

] -

4 g
75.0 e R

B

_ |
70.0 ‘i

4 — ] ]
1 T
65.0 1 ——

z&:..
60.0 —~—_
] : I
1
55.0
] =
4 %gbe
50.0 +————t——rr—tfre | & [~ |
0.4 0.5 0.6 0.7 0.8 0.9 1.0

RHO-GRM/RHO-62

168




ALT., KM.

STS-9 GRAM Simulation
December - 57° Latitude

90.0 ] ‘U\h—_
85.0 J

] s
80.0
75.0 %

70.0 - _‘TLf:E%_

65.0 <
}

60.0 =]

- \_—i\
5s.0 =
S0.0 1] T T T T T T T T 3 T T _n-,'—

0.5 a.6 0.7 0.8 0.9

RHO-GRM/RHO-62

169



ALT., KM.

80.0

70.0

60.0

50.0

40.0

30.0

STS-9 GRAM Simulation
December - 57° Latitude

WY

-
—€

=
=u

0.4

0.5

a.6

170

' '0.7‘ ‘ 'O.é
RHO-GRM/RHO-52

0.3 1.0

1.

1

1.




ALT., KM.

90.0

80.0

70.0

60.0

50.0

40.0

30.0

Case A.

STS-9 GRAM Simulation

December - 57° Latitude

———

0.5

0.6

0.7

T l T T Lo T T
0.8 0.9

T
1.0

1.1

RHO-GRM/RHO-MEAN

171

T T

1.2

1

.3

.4



ALT., KM.

90.0

85.0

80.0

75.0

70.0

65.0

60.0

S5.0

S0.0

STS~9 GRAM Simulation

December - 57° Latitude

(0]

™

0.70

0.75

0.80 085 0.0
RHO-MEAN/RHO-62

172

T

0.95

1.00




ALT., KM.

STS—-9 GRAM Simulation
December - 57° Latitude

90.0
| Fa,\
80.0 o=
—_—
’S)
b ‘l___£
T o -
70 =]
e ;al |
G
60.0 ——
i = D i
e
r_:.&'—‘
B 'ﬁ.".a
50.0 —
CE—
d—'—"——‘&'
.rr —
%‘_
] = _ ,
.= 50-60|% Gradient
40-0 = 18
T =
30.0 . r T —— . : r
0.8 G.9 1.0 1.1 1.2 1.3 1.

RHO-GRM/RHO-MEAN

173

4



1290

(RN SR PE——"

85.0 280

1270

3260 - l
) |
|
|

1250
75.0 - b

] o ! ; ;
Tosot _LaRd BETI

Lo s v
70.0 4230 iA iAF 7ls Mo«ilel
| :
| O inoad |

1220

| !
£5.0 | @ | GRaM
{210 ‘

. ‘ !
deril|ed ’I/"f’
80.0 "ZOO (Ni FADS)

.J
4190
]

S5.0 4180

1170
50.0

160

150 KP) f | i

S0 55 60 65 .70 .75 .80 .85 .30 .85 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40
P /P

Figure a-4. STS-4.(July) density comparisens -23-

174




ALT., KM,

STS-4 GRAM Simulation
July- 25-30° Latitude

90.0 o

p _\—

] E”

- :::-—-
85.0 ——

<,_,6>'

: e

80.0 ey
cb—

< .\é:’e

E "”/‘h—K
75.0 "
. . =

1
70.0 —
65.0 %

i e
60.0 ‘a--——qk

] :?T
55.0 ———
50.0 T ——r S,

0.700.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25
RHO-GRM/RHO-62

175



ALT., KM.

90.

(e}
U

80.

75.

70.

65.

60.

SS.

S0.

o

STS-4 GRAM Simulation
July - 25-30° Latitude

4 VE?—J
22533:;;)_
I =
] Q-<£
- =
1 |
G
—
G-d-_P
—f)
-
4 - o
_<‘_,_c_—"'—_———_:-[—— 7]
] q_E
——
= ——
] —
— -
g - _ =

0.70 0.75 0.80 0.8 0.30. 0.95 1.00 1.05 1

RHO-GRM/RHO-MEAN

176

.10

1.20



ALT., KM.

EARLY AQTV
January - 10° Latitude

S0.0 ——=
& 1:%_
I ——
e
—
80.0 =
4 gE:::__‘““‘—1+~—_‘=_
70.0 d}__eigzgfy
] —=r
60.0 - S
] gf
- =L
50.0 B—
_'—I’cg—fﬂ:
40.0 %a
?
30-0 ¥ A T T T T T | E— T T T T T T T a
a.75 0.30 Q.85 0.90 0.95 1.00

RHQ-GRM/RH(G-62

177

1.Q5



ALT., KM.

EARLY AOTV

January - 10° Latitude

380.90 o
—
—:———‘Rr—v
T=
=

80.0 g:@

] €

P k“,‘_

"9‘?—

70.0 —-———3

| =
60.0 :zfng:-

L=
G-E_E_

4 B"
S0.0 —-c____}

: éf@fs
40.0 é
30. O M 1 T =7 1 T T T

0.90 0.9% 1.00 1.09 1.10 1.

RHO-GRM/RHO-62

178

15




q0

go

+ude, km
S 3

Alt

L,
Q

30

GRAM RANDOM PERTURBATIONS

O - march /0° tat,
Q- aov 30° tat
A— Joan 50° Lat
O - Feb 700 Lat

ad ©
Q 0AaA 0
O A@g ©
© Ago
AAa 0
o 0
-é:o -40 -20 | o | 2,0 1;0 lja

3¢’ Random perturbations,Z

179



